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For many years exogenous exposures to pathogenic fungi have been suggested
as causes of acute attacks of tinea pedis. Adherents of this belief have based their
prophylaxis of fungous disease of the feet on the avoidance of exposure to fungi
in areas around swimming pools, public shower rooms and in contaminated shoes
and stockings. Many attempts have been made to support this belief by demon-
strating the presence of fungi in these places and on fomites.
Trichophyton mentagrophytes was isolated only once from a shower stall
(Ajello and Getz (1)) and from a bath mat (Gerenecser, (2)) in spite of numerous
attempts at isolation (Bonar and Dreyer, (3) ; Peck, et al (4); Grutz, (5); Howles,
(6); Peck and Schwartz, (7)).
Viable fungi have also been found in used shoes and stockings (Ajello and
Getz, (1); Berberian, (8); Fisher, (9); Jamieson and McCrea, (10)). This can be
well understood because of the close contact and friction which would he expected
to dislodge contaminated scales.
The studies reported in the literature leave several important questions en-
tirely unanswered: How easily and how frequently are fungi shed from the feet
of persons with clinical fungous disease? Are they shed from the feet of persons
free from clinical fungous disease? And if they are easily shed from such feet, are
these fungi capable of causing acute attacks of fungous disease in persons pre-
sumably free from the infection?
The present paper deals with the first two of these questions and with certain
laboratory aspects of the recovery of pathogenic fungi.
EXPERIMENTAL
Can Fungi be Recovered from the Foot Bath Water of kSubjects with and without
Clinical Fun gous Disease?
Technic
The feet of subjects were examined for clinical manifestations of a fungous in-
fection. All changes from the norm, including maceration, erythema, scaling,
fissuring, vesiculation, denudation and crusting of the skin, and discoloration,
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thickening, heaping and other changes of the nails, were recorded. On the basis
of the clinical findings the subjects were divided into two categories, those with
clinical evidence of fungous disease and those with clinically normal feet or with
dermatoses other than fungous disease.
The toe-webs and the soles as well as other areas of the feet which showed any
clinical changes were scraped and the scales obtained were examined micro-
scopically after clearing with 10% KOH and were planted onto Sabouraud's
glucose agar. The method will hereafter be referred to as "routine examination".
Immediately after the clinical examination each subject underwent the follow-
ing procedure, hereafter referred to as "foot soaking". *The entire surface of both
feet was thoroughly sponged with 70 % alcohol and the feet then were placed in a
sterile enamel pan. Two hundred ml of sterile tap water was added. The feet
remained in the water for 15 minutes. For half of the time the pan was inclined
slightly forward to insure complete immersion of the toe webs in the water.
The foot bath water thus obtained was centrifuged in sterile tubes at approxi-
mately 2000 rpm for 15 minutes. The sediment obtained was examined micro-
scopically in KOH preparations and by the Rotchkiss-McManus method (Klig-
man (11)), and cultured on Sabouraud's glucose agar and other media. The
cultures were incubated at room temperature and examined at weekly intervals
for 2 weeks or longer before being discarded as negative. Where necessary, sub-
cultures of the primary isolates were made onto Sabouraud's dextrose agar to
insure correct identification of the organisms.
Ninety-one subjects with clinical evidence of fungous disease of the feet and
40 with no clinical evidence of such disease were included.
Results
a) Ninety-one subjects with clinical fun gous disease. Sixty-seven of the 91 sub-
jects showed fungous filaments on microscopic examination of the foot bath
sediments and 20 cultures of dermatophytes were isolated (12 of T. mentagro-
phytes, 7 of T. rubrum and 1 of Epidermophyton fioccosum). Three of the cul-
tured isolates were obtained from sediments which were microscopically negative
for fungi.
b) Forty subjects without clinicalfungous disease. Five of the 40 subjects showed
fungous filaments on microscopic examination of the foot bath sediments, and
T. rubrum was isolated in culture from one subject. Routine mycological exami-
nation in these 40 subjects had failed to show fungous elements.
Comment
Fungous filaments were found microscopically in the foot bath water of 73.6 %
and pathogenic fungi were isolated in culture in 22% of 91 subjects with clinical
fungous disease. Fungous filaments were found microscopically in the foot bath
water of 12.5% and one pathogenic fungus was recovered in culture from 40
subjects without clinical fungous disease.
* It should be noted, however, that in some of the subjects, the routine mycological
examination had taken place days to several months before this clinical examination.
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These studies indicate that pathogenic fungi are shed from the feet of a large
majority of subjects with fungous disease and from about one out of every 8
persons without clinical fungous disease. This very striking incidence of positive
findings under conditions of the mild methods used in our tests (15 minutes im-
mersion in water, without scraping, friction or other additional trauma) shows
how easily and frequently pathogenic fungi are shed from the feet of infected indi-
viduals. It can be assumed that upon repetition of the procedure or upon use of
more forceful methods some or perhaps many of the subjects whose foot bath
sediments were negative upon first examination might have shown fungous ele-
ments in subsequent foot soakings.
Our results strongly suggest that persons with fungi on their feet more or less
continually shed these microorganisms into their surroundings so that it is diffi-
cult for "uninfected" persons to escape oft repeated exposures. Indeed the
question arises whether there are really any "uninfected" subjects in the United
States and the many other parts of the world where fungous disease of the feet
is prevalent. These results of course shed no light on the question of whether the
fungi shed into the external environment of persons with and without fungous
disease become the causes of acute attacks of tinea pedis in other subjects. The
evidence that this is not the case will be reported elsewhere (12, 13).
As we have pointed out elsewhere (13) it appears highly desirable in the future
to differentiate sharply between "asymptomatic fungous infection" and "fun-
gous disease" of the feet (tinea pedis).
Comparison of Mycologic Findings in Routine Examinations and in Foot Soakings
Of the 91 subjects with clinical fungous disease, 71(78%) were mycologically
positive in routine scrapings and 67 (73.6%) in the foot bath sediments. Sixty of
the 91 subjects were microscopically positive and 13 negative by both methods.
Eleven were positive in scrapings and negative in the sediments, while 7 were
positive in the sediments and negative in the scrapings.
From the 91 subjects with clinical fungous disease cultures of dermatophytes
were isolated in 43 (32 scrapings and 20 in sediments).
Remarkably enough in only 9 subjects were fungi isolated by both methods.
In 23 subjects fungi were isolated only from scrapings and in 11 only from the
sediments.
Comment
The routine mycologic method yielded a slightly higher incidence of positive
microscopic results and a markedly higher number of yields in culture than the
method of foot soakings.
The smaller number of microscopically and culturally positive specimens in
the foot bath water sediments as compared with routine scrapings may perhaps
be explained in part by the fact that many of the subjects had been under anti-
mycotic treatment during the interval between the routine scrapings and the foot
soakings in our laboratory. In some cases this interval was several months. In
addition, a large number of the cultures from the foot bath sediments were over-
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TABLE I
Comparison of positive microscopic findings by the KOH method and the
Hotchlciss-McManus (H-M) technic in foot bath water sediments of
91 subjects with clinical fungous disease
Number of subjects Percent of subjects
Positive by both KOH and H-M
Positive KOH and negative H-M
Positive H-M and negative KOH









grown with saprophytic organisms, especially before cycloheximide media were
employed.
Comparison of Findings in KOH and Hotchkiss-McManus Preparations
Sediments from the 91 foot baths were examined microscopically in KOH
preparations and by the Hotchkiss-McManus method. Our data (Table I) indi-
cate that the Hotchkiss-McManus stain allowed for the identification of fungous
elements in 12 % more of the specimens than the KOR preparations.
Comment
The results of our comparisons in foot bath sediments are in agreement with
those of Kligman, et al (11) who found the Hotchkiss-McManus technic superior
to KOH mounts in examination of scrapings from lesions. They are in contrast
to those of Muskatblit, et al. (19) who found Hotchkiss-McManus stains inferior
to KOH mounts in the microscopic examination of conventional scrapings.
Comparison of Cultural Yields on Several Media
Due to the large amounts of extraneous material contained in the foot bath
water sediments, contamination with saprophytes presented a real problem in
the isolation of dermatophytes. This gave us the opportunity to compare a num-
ber of so-called selective media which have been proposed as improvements over
the conventional Sabouraud dextrose agar. The results are presented in Table II.
Comment
Of the various media employed, those containing cycloheximide, penicillin
and streptomycin were by far the most effective for the isolation of dermato-
phytes from such highly contaminated sources as foot bath water sediments. The
higher concentration (0.5 mg/mI) of cycloheximide, however, did not appear
to be appreciably more effective than a concentration of only 0.1 mg/mi. It
seems that all the media tested, with the exception of alkaline agar which was
tested in only a few instances, appeared to have at least a very slight suppressive
effect on saprophytes as compared with Sabouraud's dextrose agar.
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TABLE II













Crystal violet agar (16)
Potassium tellurite agar (14)
Copper sulfate agar (14)
Alkaline agar (15)
Littman's agar (17)*
Cycloheximide agar (0.1 mg/mi) (18)*

























* These media also contained penicillin and streptomycin, 50 units each per ml.
Can Pathogenic Fungi be Recovered on Special Media from Floors near Swimming
Pools and in Shower Stalls
Attempts have been made to demonstrate pathogenic fungi on the floors of
public shower rooms and locker rooms, as well as on mats and in areas on and
around diving boards and floors of swimming pools in four different swimming
pools and dormitories in New York City. Material from these sites was inoculated
onto a variety of media and incubated at room temperature. In all, a total of
239 cultures were taken. The media used were copper sulfate and potassium
tellurite media (Ch'in (14)), alkaline medium (Leise and James (15)), crystal
violet agar (Farley (16)), Littman's medium (17) and cycloheximide agar of
various concentrations with penicillin and streptomycin (Georg (18); Ajello and
Getz (1)).
All culture media inoculated with material from shower rooms, etc. after one
week's incubation were completely overgrown with saprophytic organisms, and
no cultures of dermatophytes could be isolated.
Comment
An intensive search for pathogenic fungi in areas where, it may be assumed
from our study, they are continually being deposited by persons harboring them
on their feet, has not met with any success. In all cases only saprophytic organ-
isms could be seen on the inoculated tubes. If, as has been postulated in the past,
these sites were, in reality, "breeding grounds" for fungi, it could be assumed that
an occasional culture of a dermatophyte would have been isolated.
SUMMARY
1. Fungi were readily shed into foot baths from the feet of 73.6% of 91 persons
with clinical signs of fungous disease and from 12.5% of 40 persons without such
disease. In some cases viable dermatophytes were isolated from the foot bath
sediments.
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2. Routine mycological scrapings yielded a slightly higher incidence of positive
microscopic results and a markedly higher number of isolations in culture than
foot soakings.
3. Hotchkiss-McManus stains were slightly superior to KOH mounts in detect-
ing fungous filaments in the foot bath sediments.
4. Media containing cycloheximide, penicillin and streptomycin were superior
to all other special media tested and to Sabouraud's dextrose agar in isolating
dermatophytes from the foot bath sediments. No significant difference was
noted between media containing 0.1 and 0.5 mg cycloheximide per ml.
5. Extensive attempts to isolate pathogenic fungi from public shower stalls,
locker room floors and areas around swimming poois have been entirely unsuc-
cessful.
6. The results indicate that viable fungi must be constantly and readily shed
from clinically or subclinically infected feet. It therefore appears that frequent
exposures and re-exposures of the feet to these fungi is practically inescapable
and unpreventable.
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DISCUSSION
DR. SAMUEL M. PECK (New York, N. Y.) This problem was very important
during the war because in industry you had to have, in many plants, compulsory
showers and therefore the employer was responsible for any fungous infection
that developed due to infections from the floors. Since it was thought by many
of the physicians in charge of industrial plants that pre-existing fungous infection
predisposed to other dermatoses you can see how important the question was.
This particularly, when the lobby formed in Washington to push copper impreg-
nated flooring, which was said to render the floors non-infective. We studied this
problem at great length (Dermatophytosis In Industry. Arch Dermat., 50:170—
178, 1944) and we could come to practically the same conclusion as the pre-
senters. We had great difficulties. As a matter of fact we could not isolate fungi
from shower room floors in industrial plants. We conducted experiments in
which we took patients with definite fungous infection of the feet and had them
walk continuously on small shower floors in our laboratories and I think we
reported in only one instance that we obtained a positive scraping from this
experiment. I recall we talked about this in Philadelphia and discussed it with
Dr. Weidman. He could not quite understand the low incidence of positive
cultures that I obtained, but my incidence was about the same as the presenters'
or perhaps lower and even from direct culture of the feet of definite clinical cases.
Of course, I did not have the beautiful media that they have now to help en-
hance growth. But I wish to congratulate the presenters. It was a beautiful
presentation.
DR. TIB0R BENEDEK (Chicago, Ill.): I am really at a loss to grasp what point
the presenters wanted to make with this paper. What they brought out was
repeated over and over again the last 30 years. They used a somewhat different
technic, but did not offer anything new. It is most interesting that I got exactly
the same 69 per cent of positive fungus findings, microscopically and culturally,
in the roofs of the blisters on the soles, published in my paper on "Pompholyx"
in 1946, as did the presenters. You may know I decline the existence of tinea
pedis because the lesions are endoparasitic in origin, and have nothing to do
with external fungous infection. Primary, real fungous infection of the soles is
extremely rare. The first time I saw it was on Okinawa under very bad climatic
conditions in connection with pompholyx. True dermatomycosis on palms and
soles appears under the same clinical form as anywhere on the skin. In my long
practice I have had only two cases of dermatomycosis of the soles in children
which began with a squamous papule and spread centrifugally, as anywhere on
the body a superficial fungous infection does, without the presence of the pathog-
nomonic, deep seated sago grain-like blisters, so characteristic to pompholyx.
There is no prophylaxis possible, because these fungi are not the pathogenic
agents. When the presenters put fungicides into the culture medium and suppress
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the non-pathogens they do not want to see, they deceive themselves, because
they do not get the whole range of fungi which are there ;—what they can find
besides the Trichophyton interdigitale, in the epithelium. I found and reported
accordingly on a whole array of fungi: Penicillium; Mucor; Aspergillus; Tricho-
sporon and many others which were cultured in the same manner. They want
to establish the epidemiology of saprophytic fungi, not related to the etiology
of the skin lesions in question. What would you say were someone to come out
today, presenting the "epidemiology" of the wide range of hyphomycetes found
on lesions of pinta?
This paper repeats old findings over and over again. This presentation goes in
a circle, like people moving in a rocking chair and do not get anywhere.
DR. MARION B. SULZBERGER (New York, N.Y): I think that Dr. Benedek's
discussion of this paper was very lively and I enjoyed it very much. I do not
believe anybody fell asleep during his discussion. Parts of what he said are
certainly correct. I agree, for example, with the fact that this study undertaken
by Rosenthal, Baer, Litt and Rogachefsky tends to once more substantiate and
verify experimentally things that have been well known before, particularly on
the basis of clinical observations. For instance, you all will recall that the late
Dr. Rudolph Hecht, Rudolf Baer and I many years ago published a statistical
study on the transmission of fungous infections of the feet and fungous infections
of the groin. The results (which you will find quoted in the published paper
based on the present report) showed that transmission of active superficial
fungous disease of the skin was practically nonexistent even among people that
surely were having intimate, repeated contact with each other—like conjugal
partners who shared bed, bath and other things. Even in these, one infected
partner did not transmit active fungous infections to the other. All of the data
indicate that when they occur after visits to swimming pools, public bath houses,
showers and similar places, the acute active attacks in all probability usually
result from flare-ups of previously quiescent foci which the people were carrying
with them and which were stirred up and activated by the exposures to moisture,
maceration, etc. Baer, Rosenthal and co-workers have additional data on this
older concept also, data which they did not present here but just alluded to.
The fact is that in some places—despite all the old established clinical and
experimental findings—public health officials, school authorities, athletic
coaches, etc., and even some physicians, are still trying to prevent endemics and
spread of fungous infections from person to person by measures such as impreg-
nating socks, other clothing and shoes, by antifungal foot baths, sterilizing
floors, etc. I fear that this type of unnecessary and, I believe, potentially harmful
approach, may continue in some places for a long time to come; but evidence of
the kind presented today will, I hope, be a factor in reducing such inadequate
procedures. In this connection I wonder how many of the dermatologists here
today still give their patients detailed instructions regarding special precautions
and special antifungal treatments of bath tubs, bath mats, shoes, socks, carpets,
floors, etc., in order not to transmit the active superficial fungous infections of
the skin to others in their familes? I doubt whether many among us still do that.
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These findings certainly add new experimental evidence that such antifungal
measures are not generally needed, to say the least.
DR. CLARENCE S. LIV1NG0OD (Detroit, Michigan): You will recall that, at
Fort Benning during World War II, the late Gardiner Hopkins and his group
investigated the transmission of pedal fungous infections. They demonstrated
that the numerous foot baths which were scattered around Army installations
at that time were of no value and their use was discontinued.
DR. J. LEwIs PIPKIN (San Antonio, Texas): I would like to express my appre-
ciation to Dr. Rosenthal and his co-workers for these interesting and instructive
studies.
I would like to speak for the efficacy of this modified Sabouraud's Media
containing cycloheximide (actidione) for isolating pathogenic fungi from highly
contaminated material. It is very valuable when dealing with animal and human
hair, nail clippings and other highly contaminated material. It is also especially
useful when the material under study contains relatively few organisms. By the
use of this fortified media, great amounts of material can be implanted with
little danger of overgrowth of contaminants affording a much better chance of
isolating the causative fungus. For the past year and a half at the suggestion of
Dr. Lucille Georg, Communicable Disease Center, Chamblee, Ga., and Dr.
John Erlich, Research Department, Parke, Davis & Co., we have substituted
chioromycetin (chioramaphenicol) for the penicillin and streptomycin. This
eliminates certain technical difficulties commonly encountered during the
process of adding the heat-susceptible penicillin and streptomycin to the cooled
sterile Sabouraud's Media. Since cyloheximide and chioromycetin are both
thermo-stable, these can be added before the media is autoclaved. The use of
125 mgm. of chloromycetin (chioramaphenicol) and 500 mgm. of cycloheximide
(actidione) to each liter of Sabouraud's Dextrose Agar proved to be the optimum
amount. These antibiotics work well in combination as both are quite stable to
either heating or storage. Media prepared one and a half years ago and stored
at room temperature has lost none of its potency to prevent the overgrowth of
tramps and bacteria.
In our experience the addition of these antibiotics for selective isolation of
fungi is distinctively advantageous, and as far as is known, these additives
inhibit the growth of only three pathogens.
DII. CLARENCE S. LIvING00D (Detroit, Michigan): I would like to suggest the
use of neomycin sulfate for this same purpose. It is unusually stable in aqueous
solution, heat stable, and it has a broad antibacterial spectrum.
DR. ROYAL M. MONTGOMERY (New York, N. Y.): Perhaps I am a die-hard on
this subject. There have been many papers written on infectiousness of derma-
tophytosis. There was a great increase in the number of cases during and after
World War I. We all know the infection is on the feet. The fungus is not inhaled
or swallowed. That brings up the question of how one develops it in the first
place. Perhaps someone ought to give us an idea. The presenter gives evidence
that it is not transmitted. I still believe it is contracted at the beach. swimming
pooi or locker rooms.
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DR. STEPHEN ROTHMAN (Chicago, Ill.): While it is true that tinea pedis is
not transferred directly from person to person, this might be partially due to the
fact that there is hardly ever any contact between the interspaces of toes of
two persons. Certainly, contagiousness via humid floors has not been excluded.
I saw nonathietic mothers acquiring athlete's foot from the mat in front of the
bath tub where apparently the athletic son had deposited the fungi. This can
happen because in larger families such mats remain humid all day long. If fungi
cannot be recovered from such objects, the tube being overgrown with sapro-
phytes, this does not mean that the pathogenic fungi are not there. It only means
that saprophytes have a greater ability to proliferate. I have seen epidemics of
tinea pedis in gymnasiums with wooden floors in the shower rooms and was able
to eradicate the epidemics by substituting wooden floors with cement. If the
presenters imply that susceptibility factors play a decisive role in the take of
fungous infections, I heartily agree. I also agree that these susceptibility factors
should be thoroughly studied because they are of utmost practical significance.
But like Dr. Kalz, I am unable to understand how it can be denied that tinea
pedis is an infectious disease. There is no tinea pedis without fungi and there is
no cure without eradication of the fungi. Basins filled with hypochiorite solutions
are ineffective because contact of the feet with the solution is short in time and
not sufficiently thorough in the interspaces when the bathing persons wade
through the solution. Inefficiency of such measures does not exclude the primary
etiologic role of the fungi.
Dn. RUDOLF L. BAER (in closing): Earlier today, I said to Dr. Naomi Kanof,
who has been sitting next to me at these sessions, that things are becoming
rather monotonous. One discusser after another has risen and congratulated
the various speakers on their excellent presentations. Now the spell has been
broken and we are most grateful to those who have contributed to this change.
We were aware of the very interesting studies of Peck and Schwartz during
World War II and in the manuscript we have cited their work as well as that of
many other investigators who have worked in this field.
As far as Dr. Benedek's remarks are concerned, we knew of course, of the
many studies using scrapings of scales and blister tops in the study of fungous
disease. The important difference between such studies and ours is that we did
not scrape the feet. We wanted to know what happens when one simply places
the feet for 15 minutes in a basin of water. Do fungi come off in the scales from
the feet? If so, what is the incidence of positive fungous findings? It seemed to
us that there is a tremendous difference between the very artificial procedure of
scraping away skin and the method of foot soaking which much more resembles
actual clinical conditions. After all, when somebody goes into a swimming pool or
shower room the scales are not scraped off but come off the skin in a manner
similar to that in our foot bath procedure. Dr. Benedek asked why was it neces-
sary to do these studies. The reason was that while many dermatologists have
for many years said that exogenous exposures are not the cause of acute attacks
of fungous disease of the feet, the hypothesis that they are has persisted in the
minds of public health authorities and of some dermatologists as well as in some
DISSEMINATION OF FUNGI FROM FEET 51
segments of the dermatologic literature. The purpose of our studies was to
attempt to remove this important public health problem from the realm of
conjecture and subject it to experimental investigation. I have been convinced
for many years from my clinical experience and from the statistical study done
by Dr. Sulzberger, the late Dr. Rudolph Hecht and me that exogenous exposure
does not play an important role in causing acute attacks of fungous disease of
the feet, but it seemed that as far as public health authorities and some derma-
tologists are concerned further experimental evidence was necessary.
Dr. Livingood mentioned the very excellent studies of Dr. Hopkins and these
are cited in the manuscript.
In answer to the remarks of Dr. Montgomery I want to say that we are not
claiming that fungous disease of the feet is not infectious. Of course it is an
infectious disease, since it is caused by infectious microorganisms. The important
fact is, however, that acute attacks of fungous disease of the feet usually are not
due to an exogenous and recent exposure to fungi but to a flareup of a previously
dormant infection on the patients' own feet. It seems foolish, therefore, to
institute measures based on the disproven theory that stepping on a diving
board or shower room floor that has some fungi on it is the cause of acute at-
tacks of fungous disease of the feet.
Dr. Rothmnn's criticism is justified in that the evidence which we presented here
today was rather negative. Due to limitation of time we were unable to present
here that part of our studies which shows that deliberate exposure of so-called
uninfected human volunteers to fungous contaminated foot bath water is in-
capable of producing acute fungous disease of the feet.
